Abstract. The present study aims to develop floating drug delivery system by sublimation of ammonium carbonate (AMC). The core tablets contain a model drug, hydrochlorothiazide, and various levels (i.e., 0-50% w/w) of AMC. The tablets were then coated with different amounts of the polyacrylate polymers (i.e., Eudragit® RL100, Eudragit® RS100, and the mixture of Eudragit® RL100 and Eudragit® RS100 at 1:1 ratio). The coated tablets were kept at ambient temperature (25°C) or cured at 70°C for 12 h before further investigation. The floating and drug release behaviors of the tablets were performed in simulated gastric fluid USP without pepsin at 37°C. The results showed that high amount of AMC induced the floating of the tablets. The coated tablets containing 40 and 50% AMC floated longer than 8 h with a timeto-float of about 3 min. The sublimation of AMC from the core tablets decreased the density of system, causing floating of the tablets. The tablets coated with Eudragit® RL100 floated at a faster rate than those of Eudragit® RS100. Even the coating level of polymer did not influence the time-to-float and floating time of coated tablets containing the same amount of AMC, the drug release from the tablets coated with higher coating level of polymer showed slower drug release. The results suggested that the sublimation technique using AMC is promising for the development of floating drug delivery system.
INTRODUCTION
Gastroretentive dosage forms, which are designed to exhibit a prolonged gastric residence time, have been a topic of interest in terms of their potential for controlled drug delivery. The dosage forms are particularly appropriate for drugs that are unstable in the intestine or colonic environment, drugs with low solubility at high pH values or with an absorption window in stomach or upper small intestine, or drugs acting locally in the stomach, e.g., antibiotic administration for Helicobacter pylori eradication in the treatment of peptic ulcer (1) . Over the last few decades, several gastroretentive drug delivery approaches are being designed and developed, including high-density (sinking) systems that is retained in the bottom of the stomach, low-density (floating) systems that causes buoyancy in gastric fluid, mucoadhesive systems that causes bioadhesion to mucin-epithelial surface of stomach, swellable systems which limits emptying of the dosage forms through the pyloric sphincter of stomach, etc. (2) .
Various attempts have been made to develop a floating system that could prolong gastric residence time, thereby targeting site-specific drug release in the upper gastrointestinal tract for local or systemic effects. The system basically floats in the gastric fluid because of its lower bulk density compared to that of the aqueous medium (3) . Several approaches have been applied to levitate the drug delivery system, such as gas-generating, gas-filled floatation, and raftforming systems (4) . However, there are some limitations from the available floating mechanisms; for example, the gas-generating mechanism takes time for floating. Besides, the preparation process of the pre-gas-filled system is complicated (5). Consequently, a novel and non-complicated technique offering short floating time is a crucial point to develop. Oh et al. (6) prepared highly porous gastroretentive metformin tablets from sublimation technique by using camphor as a sublimation material. They found that the prepared floating gastroretentive tablets floated for over 24 h and had no floating lag time. However, as the amount of camphor in the tablet matrix increased, the crushing strength of the tablet decreased after sublimation. However, the sublimation technique is simple to fabricate and system can float instantaneously. Furthermore, this technique also shows possibility in industrial production scale due to the use of a few simple preparation steps and affordable pharmaceutical excipients.
Therefore, the aim of this research was to develop a floating drug delivery system prepared by sublimation technique, i.e., tablets containing ammonium carbonate (AMC; (NH 4 ) 2 CO 3 ) that can form gas or sublime at high temperature, and then coated with polyacylate polymers to prolong the floating and sustain the drug release. The developed system was compared with that prepared by gas formation technique. The effects of level of AMC (i.e., 0-50% w/w), type of polyacrylate polymers, and coating level on floating and drug release behaviors were also investigated.
MATERIALS AND METHODS

Materials
Hydrochlorothiazide (HCTZ) was purchased from Sigma-Aldrich (Steinheim, Germany). Ammonium carbonate (AMC) was purchased from Riedel-de Haen (Seelze, Germany). Eudragit® RS100 (referred to as RS100) and Eudragit® RL100 (referred to as RL100) were kindly donated by JJ Degussa Chemical (Thailand) Ltd., Bangkok, Thailand. Microcrystalline cellulose (MCC; Avicel PH101) was obtained from FMC (Philadelphia, USA). Polyvinylpyrrolidone K30 (PVP K30) was obtained from BASF (Thai) Co., Ltd. (Bangkok, Thailand). All other chemicals were of reagent grade or pharmaceutical grade and used without further purification.
Preparation of Core Tablets
The core tablets containing a model drug, HCTZ, were prepared by wet granulation method. Various amounts of AMC (i.e., 0-50% w/w) were incorporated in the core tablets ( Table I ). The core tablets were compressed in concave shape using a single-punch tableting machine (Yeo Heng, Thailand). Profile of the core tablets including weight, thickness, diameter, crushing strength, and tablet surface area were monitored to control tablet properties.
Preparation of Coated Tablets
The core tablets were coated with different types of polyacylate polymers, that is, RL100, RS100, and a mixture of RL100 and RS100 at ratio of 1:1 as presented in Table II . The coating solution was sprayed onto the core tablets in a p e r f o r a t e d p a n c o a t e r ( m o d e l R a m a C o t a 1 8 , Narongkarnchang, Thailand) under the following conditions: flow rate of coating solution, 10 mL/min; inlet air temperature, 60°C; outlet air temperature, 50°C; pressure, 2 bars; and pan speed, 12 rpm. To observe the effect of film thickness, two coating levels (2.71 and 4.89 mg/cm 2 ) were applied. The coated tablets were kept at either ambient temperature (25°C) or cured at 70°C for 12 h before further investigation. The properties of the coated tablets such as thickness of film and tablet, weight, diameter, tablet density, and residual amount of ammonia were evaluated.
Differential Scanning Calorimetry
To monitor drug-excipient interaction, the differential scanning calorimetry (DSC) thermograms of the starting materials (HCTZ, AMC, and MCC) and the mixtures between the model drug (HCTZ) and each major excipient (AMC and MCC) at ratio of 1:1 were determined by differential scanning calorimeter (Sapphire, PerkinElmer, USA) using indium as a standard. About 2-3 mg sample was accurately weighed and placed in a closed aluminum solid pan. The aluminum pan was then transferred into the furnace. The thermal characteristic of sample was determined at heating rate of 10°C/min from 25 to 290°C using an empty closed aluminum solid pan as a reference. The measurement was done under nitrogen purge at a flow rate of 10 mL/min.
Floating Properties
The floating properties of the coated tablets, such as floating time and time-to-float, were monitored in the closed medium-filled flask placed in a horizontal shaker (model OS1473VBA, Revco Scientific Inc., USA) at 37°C (7) using 70 mL of simulated gastric fluid USP without pepsin (SGF) as a medium. Ten floating tablets were placed in the medium, and the floating properties were determined by visual observation.
In Vitro Drug Release Studies
HCTZ release from the coated tablets was investigated using USP dissolution apparatus I equipped with baskets, which were operated at a speed of 100 rpm. Nine hundred milliliters of SGF, as the dissolution medium, were placed in the glass vessel, the apparatus assembled, and the dissolution medium was equilibrated to 37±0.5°C. The samples (5 mL) were taken at various time intervals, i.e., 10, 20, 30, 45, 60, 90, 120, 150, 180, 240, 300, 360, 420, and 480 min. Then, the amount of HCTZ released was measured by UV-vis spectrophotometer (model Lambda 2, PerkinElmer, USA) at maximum wavelength of 271 nm. Each in vitro release study was performed in triplicate. 
Statistical Analysis
Analysis of variance (ANOVA) and Levene's test for homogeneity of variance were performed using SPSS version 10.0 for Windows (SPSS Inc., USA). Post hoc testing (p<0.05) of the multiple comparisons was performed by either the Scheffé or Games-Howell test depending on whether Levene's test was insignificant or significant, respectively.
RESULTS AND DISCUSSION
Fabrication of Floating Tablets
The core tablets containing HCTZ and AMC at different ratios were prepared by wet granulation method. The weight of core tablets was uniform (4.72±0.07 g). The dimension of core tablet is shown in Fig. 1 . The percentage of friability was The core tablets were coated with polyacrylate polymers, i.e., RL100 and/or RS100 (Fig. 2) . These polymers have been reported to be a good candidate for gas-entrapped membrane for floating tablets (7). Basically, RL100 and RS100 are copolymer of ethyl acrylate, methyl methacrylate, and a low content of methacrylic acid ester with quaternary ammonium groups. The ammonium groups are present as salts and make the polymers permeable. The molar ratio of ethyl acrylate, methyl methacrylate, and trimethylammonioethyl methacrylate is approximately 1:2:0.2 for RL100 and 1:2:0.1 for RS100. Therefore, the RL100 offers higher permeability than that of RS100 (8) . The high water permeability may be the ideal property for gas-entrapped floating dosage forms, in order to facilitate the floating process. After coating, regardless of curing process, the tablet weight of coated tablets containing AMC decreased, compared to the tablets with no AMC (Table III) . The decrease of tablet weight was more pronounced after curing at 70°C, suggesting a sublimation of AMC during heating. The weight of tablets coated with RL100, RS100, or RL100/RS100, at the same ratio of AMC, was not significantly different.
Differential Scanning Calorimetry
DSC study was conducted to monitor interaction between drug and major excipients in the tablets. Figure 3 shows the DSC thermograms of the major materials (HCTZ, AMC, and MCC) and the mixtures between HCTZ and each excipient (AMC and MCC) at ratio of 1:1. The thermogram of HCTZ exhibited an exotherm at 272.6°C, which is the melting point of HCTZ (9) . MCC did not express any sharp peak due to its amorphous property. AMC offered endothermic peaks at 95.8 and 115.1°C as reported in the previous study (10) . The characteristic endothermic peak of HCTZ around 272°C still existed in the DSC thermograms of the binary mixtures of HCTZ with each major excipient, at 1:1 ratio. These can conclude that there is no interaction between the model drug and the tablet excipients (9).
Floating Properties
Table III also demonstrates time-to-float and floating time of the coated tablets. The results showed that high amount of AMC induced the floating of the tablets. The uncoated tablets containing 40-50% AMC could float in a few minutes due to carbon dioxide produced from the reaction of AMC with the acidic medium. However, the floating time was quite short as the tablets disintegrated or eroded during the test (data not shown). It could be because density of the uncoated tablet were lower than that of the acidic medium making the tablet floating. After that, the medium gradually penetrated into the uncoated porous tablets, resulting in drowning. From Table III , three factors play a vital role on the floating behavior, i.e., the amount of AMC, type of coating polymer, and tablet curing. The coated tablets do not float without AMC. The curing process could significantly reduce time-to-float, compared to non-cured ones.
As illustrated in Fig. 4 , the coated tablets of AMC40 and AMC50 cured at 70°C floated immediately with a floating time longer than 8 h while the non-cured tablets with 20-50% AMC took about 1.12-4.54 min before floating. It is obvious that the higher amount of AMC provided shorter time-to-float. This is because AMC sublimated after curing at 70°C or produced gas after immersing in acid medium, making their total density lower than the SGF. Figure 5 demonstrates cross-section images of the coated tablet kept at ambient temperature and cured at 70°C for 12 h, with different amounts of AMC. It could be seen that the tablets containing 40-50% AMC were more porous after curing at 70°C for 12 h. This influenced the floating properties of the cured tablets, i.e., the cured tablets floated immediately while the non-cured tablets required time for effervescence reaction of AMC to occur in acid medium. Furthermore, high amount of AMC could produce a highly porous tablet, resulting in a shorter time-to-float. It is possible to conclude that the floating mechanism of cured and non-cured coated Fig. 6 . Drug release profiles of core tablets (AMC40) (black diamond) and AMC40 tablets coated with RL100 at coating level of 2.71 mg/cm 2 (black square) and 4.89 mg/cm 2 (black triangle) Fig. 7 . Drug release profiles of floating tablets, cured at 70°C, containing AMC20 (white square), AMC40 (white triangle), and AMC50 (white diamond), and non-cured tablets containing AMC20 (black square), AMC40 (black triangle), and AMC50 (black diamond) that coated with RS100 at coating level of 4.89 mg/cm tablets was based on their porous structure and gas formation, respectively. The coating level of polymer did not influence the timeto-float and floating time of coated tablets, at the same level of AMC (Table III) . However, the type of the coating polymers affected the floating behavior. For non-cured floating tablets, the tablets floated faster when coated with RL100, compared to that coated with RS100. This is probably because solubility of RL100 is higher than that of RS100, causing a higher water permeability of RL100 film (11) . Consequently, the SGF can expediently diffuse through the RL100 film to interact with AMC and generate gas, in a faster rate than that of RS100.
In Vitro Drug Release Studies
Though the coating level of polymer did not influence the time-to-float and floating time of the coated tablets, at the same level of AMC (Table III) , the drug release from the tablets coated with higher level of coating polymer showed a slower drug release. As illustrated in Fig. 6 , drug release from tablets coated with 2.71 mg/cm 2 of polymer film was significantly faster than that coated with 4.89 mg/cm 2 of polymer film. The results agreed with the previous report (12) that the thicker film coat extends drug diffusion distance and subsequently slows the drug release.
Drug release profiles of the coated tablets containing different amounts of AMC are shown in Fig. 7 . It could be clearly seen that higher amount of AMC enhanced drug release in the non-cured floating tablets. Figure 8a demonstrated the proposed floating and drug release mechanism of the non-cured floating tablets containing AMC. The polymeric film permitted dissolution medium to induce the effervescent generated sufficient amount of carbon dioxide (CO 2 ) to make the tablets float. The produced CO 2 resulted in the swelling of coated tablets according to a gas pressure and subsequently drug release.
For the floating tablets cured at 70°C, drug release was significantly slower than that of non-cured tablets. It is likely that the curing effect by heat helped to strengthen the coated film, resulting in a slower drug release caused by a dense film. Moreover, drug release from the cured floating tablets was not significantly different between those containing AMC20 and AMC40. This finding agreed with a previous study that noncured tablets containing high amount of gas-forming agent provided a faster drug release (7) as the AMC reacted with The tablets were coated with RS100 (square), RL100 (triangle), and the mixture of RS100 and RL100 at ratio of 1:1 (diamond), at coating level of 4.89 mg/cm 2 SGF, resulting in ammonium chloride (NH 4 Cl) and CO 2 . Figure 8b demonstrated the floating and drug release mechanism of the floating tablets cured at 70°C, i.e., the sublimation of AMC occurred during heating, causing porosity inside the tablets. In addition, the amount of AMC played a vital role on drug release. Using higher amount of AMC (i.e., 50% AMC) provided a higher drug release, compared to that using lower level of AMC (i.e., 20 or 40% AMC). It is possible that higher amount of AMC can produce porous tablets of greater porosity, inducing higher permeation of the dissolution medium and resulting in higher drug release (13, 14) . Figure 9 reveals the effect of type of the coating polymer (RS100, RL100, and mixture of RS100 and RL100 at the ratio of 1:1) on the drug release of the floating tablets cured at 70°C. The results demonstrated that drug release from RL100 was faster than the mixture and RS100, respectively. This result is consistent with the previous study (15) in that higher hydrophilic portion, trimethylammonioethyl methacrylate group, in RL100 increases solubility and accessibility of the medium through the membrane, resulting in a significant higher drug release.
CONCLUSION
The floating properties and drug release from the floating tablets were dependent on the amount of AMC, levels, and types of coating polymer. The optimum formulation and conditions for this system is the tablets containing 40% AMC, which was coated with RL100 at coating level of 2.71 mg/cm 2 and cured at 70°C. The tablets prepared from optimum formulation and conditions could float immediately with a floating time longer than 8 h, and the drug release was rarely interfered by the coating system. The results suggested that either the gas formation or sublimation technique using AMC is promising for the development of floating drug delivery system.
